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FIRE after EARTHQUAKE RESISTANCE 

	Description

	Fire is the most common hazard following earthquakes. 

The behaviour in fire of structures which have been damaged by earthquakes represents an important investigation field since in many cases fires break out after a seismic event, giving rise to a real catastrophe. In fact negative effects of fires on structures and human lives may be comparable to those of the earthquake itself. Moreover, even in case no fire develops immediately after an earthquake, the possibility of delayed fires affecting the structure must be adequately taken into account, since the earthquake induced damage makes the structure more vulnerable to fire effects than the undamaged one. This is because the consequence of fire on a structural system is mainly a gradual decay of the mechanical properties as far as temperature grows. It is apparent that the more the structural behaviour is degraded after an earthquake the more time up to collapse due to fire is short.


	Field of application 

	· Strong earthquakes related high risks coming from fires following the earthquake:

RISKS SOURCES are on one hand the damage itself, in particular to pipelines, electric wiring, active and passive fire protection systems, the building structures; besides operating difficulties for firemen: the increase in the time needed to firemen for reaching the place of the fire (due to traffic congestion, collapsed constructions, rubble in the streets, concomitance of multiple fires), the possible difficulties in water supply and the decrease of the collapse time of the structure.

· Development of a comprehensive methodology of performance-based design of buildings in the fire-safety codes, which should distinguish between structures located in seismic and non-seismic areas, by requiring more stringent fire resistance provisions for those buildings potentially subjected to seismic actions. 


	Technical Information 

	· PERFORMANCE BASED DESIGN gives the opportunity to integrating fire safety engineering into the design process for structural framing systems.
International Code (USA, Australia, UK, New Zealand, Sweden and Eurocode) have already adopted performance-based approaches to structural fire safety.


	Structural aspects

	· Structural systems may serve two main functions during a fire event:

1. To continue to support loads 

so that building occupants can exit safely and firefighters have sufficient time to respond and control the fire.
2. To serve as a barrier and/or support other barriers to fire propagation 

- the collapse of a floor could allow a fire on one story to spread into another story. 

- excessive deflection of a floor may contribute to the instability and failure of a partition wall, which could allow the fire to spread into adjacent compartments.

	· FIRE PERFORMANCE CRITERIA for a structural system may include:
- Limitations on member deformation or requirements for serviceability;

- Requirements for load-carrying capacity - prevention of collapse;

- Time to failure requirements - to allow occupant egress and suppression activities; 

- Fire containment requirements - limitations on the impact of a fire on structural members distant from the fire and prevention of room-to-room fire spread.

	· ASSESSMENT OF A STRUCTURE’S RESPONSE TO FIRE requires the ability to analyze the effects of fires on:

- individual structural members and connections, 

- assemblies of members, 

- entire structural frames, 

- interactions between components.

	· CATEGORIES OF STRUCTURAL MODIFICATIONS occurring during the service life of a building to be considered in the design process:
- Passive protection of structural members by adding insulation, coatings, barriers, etc.;
- Differences between the originally specified structural configuration and/or protection and the as-built condition;
- Normal operation and deterioration: rust, corrosion and other environment-related deterioration mechanisms, as well as aspects of building operation that may cause inadvertent damage or long-term wear to structural members or their fireprotective insulation or coatings.
- Changes to the structural configuration and/or protection caused by prefire events such as earthquakes, blasts, accidental loss of protective material, etc.;
- Changes to the structural configuration and/or protection subsequent to a fire.


	Research activity and/or Guidelines

	· ASSESSMENT OF POST-EARTHQUAKE FIRE BEHAVIOUR OF STRUCTURES
Evaluation of the effects of earthquake-induced damage on fire resistance and collapse modes: the more the structural behaviour is degraded after an earthquake the more time up to collapse due to fire is short, and the collapse mode under fire can change as respect to the pre-earthquake one

ANALYSIS METHODOLOGY

- Reproduction of the actual phases of the phenomena, from the application of vertical service loads and earthquake induced damage up to the exposure of the structure to fire 

- Identification of the seismic damage state, according to pre-fixed performance levels, by means of nonlinear pushover analyses or by non linear time-history incremental dynamic analyses 

- Analysis under fire of structures already damaged by earthquake, starting from each previously defined performance level

- Correlation between the seismic performance levels and the behaviour of corresponding damaged structures under fire in terms of fire resistance and collapse mode.

- definition of integrated seismic and fire design criteria

	· GUIDELINES FOR PREVENTION AGAINST EARTHQUAKES AND SAFETY RULES
Development of a quantitative proposal for both fire-safety and seismic design codes, aiming at a sound design for guaranteeing fire safety of buildings exposed to post-earthquake fire risk by fitting fire resistance according to prefixed performance levels
The theoretical knowledge, empirical information and analytical capability and technology that have been developed in the community of fire protection engineers must be integrated into the structural design process.


	Example of application

	STEEL MR FRAMES

	Della Corte et al.,2003

	· Case study: simple portal frames, 5 and 10 story frames

	· Method of analysis
Structural analysis under fire

1) Dynamic time histories seismic analyses

2) Fire analysis on seismic deformed structural configurations

	· Type of investigation
1. parametrical analysis of simple portal steel frames

2. evaluation of the fire resistance rating reduction of frames as a function of the maximum residual inter-story drift angle and of the seismic intensity.

	· Results
- Portal frames
Simple abaci could be developed for computing fire resistance rating reduction at increasing levels of residual story drifts.
- Multi-storey frames
The effect of the seismic design option

The effect of the structural system layout

The type of collapse mechanism
- Type of collapse mechanism
During the pre-earthquake fires, the undamaged frames collapsed on themselves, without appreciable lateral displacement, while the earthquake-induced damage produces a lateral stability type of collapse mechanism

	Faggiano et al.,2007

	· Case study: simple portal frames

	· Method of analysis

Structural analysis under fire

1) Seismic pushover analysis of structures subjected to vertical loads
2) Identification of the performance levels, according to the SEAOC indications

2) Fire analysis on seismic deformed structural configurations

	· Type of investigation

1. evaluation of the fire resistance of the study portal frames with relation to the geometrical ratio L/H, the overstrength fy/Sd and the S/V ratios, per unit length, of a structural member.
2. evaluation of the effect of the seismic induced damage on the fire resistance and the collapse mode of the study structures.

	· Results

- Portal frames

Simple abaci could be developed for computing fire resistance rating reduction at increasing levels of residual story drifts.

- Multi-storey frames

The effect of the seismic design option

The effect of the structural system layout

The type of collapse mechanism

- Type of collapse mechanism

During the pre-earthquake fires, the undamaged frames collapsed on themselves, without appreciable lateral displacement, while the earthquake-induced damage produces a lateral stability type of collapse mechanism


	Further developments 

	Further studies are needed and will be carried out, in order to have a deeper comprehension of the study phenomenon. First of all, parametrical analyses will be performed, focusing on the influence of some parameters such as the span-to-height L/H ratio, the overstrength, the massivity S/V ratio. Then, the analyses will be extended to multi-span multi-storey moment resisting steel frames, where also the influence of the fire position in the frame will be evaluated.
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